Abstract: Synthetic and biological amines such as ethylenediamine (EDA), spermine, and spermidine have not been previously investigated in free-radical biochemical systems involving aniline-based drugs or xenobiotics. We aimed to study the influence of polyamines in the modulation of aromatic amine radical metabolites in peroxidase-mediated free radical reactions. The aniline compounds tested caused a relatively low oxidation rate of glutathione in the presence of horseradish peroxidase (HRP), and H 2 O 2 ; however, they demonstrated marked oxygen consumption when a polyamine molecule was present. Next, we characterized the free-radical products generated by these reactions using spin-trapping and electron paramagnetic resonance (EPR) spectrometry. Primary and secondary but not tertiary polyamines dose-dependently enhanced the N-centered radicals of different aniline compounds catalyzed by either HRP or myeloperoxidase, which we believe occurred via charge transfer intermediates and subsequent stabilization of aniline-derived radical species as suggested by isotopically labeled aniline. Aniline/peroxidase reaction product(s) were monitored at 435 nm by kinetic spectrophotometry in the presence and absence of a polyamine additive. Using gas chromatography -mass spectrometry, the dimerziation product of aniline, azobenzene, was significantly amplified when EDA was present. In conclusion, di-and poly-amines are capable of enhancing the formation of aromatic-amine-derived free radicals, a fact that is expected to have toxicological consequences.
Introduction
Endogenous free radical intermediates constantly occur in the living cell as waste or bioactive molecules that might behave as potent exterminators or regulators of cellular function (Dröge 2002) . Amid various biological processes, uncontrolled production of free radicals and radical-derived reactive oxygen and nitrogen species, and (or) defective disposal and antioxidant scavenging mechanisms are believed to be leading causes of cytotoxicity and apoptosis (Aruoma 1998; Halliwell and Gutteridge 1999) . Alternatively, organ or leucocyte-mediated metabolic co-oxidation of some drugs and xenobiotics by peroxidases might give rise to a flux of detrimental exogenous reactive species and metabolites that are likely to damage intrinsic macromolecular or constitutive targets (Uetrecht 1992; O'Brien 2000) . Previous work by us and others has demonstrated that arylamine xenobiotics, such as aniline ( Fig. 1 ) and its derivatives, and aromaticamine-based drugs, such as aminoglutethimide (AG, Fig. 1 ) generate precursor, nitrogen-centered anilino radicals that spontaneously split into daughter, carbon-centered phenyl radicals through peroxidase-driven metabolism (O'Brien, 1988; Siraki et al. 2010) . From a therapeutic viewpoint, those radicals appear to be implicated in drug-induced hematotoxicity, especially because they were shown to modify myeloperoxidase (MPO), a neutrophil microbicidal peroxidase, through radical formation (Siraki et al. 2007 ). Interestingly, the protein radical formed was significantly attenuated by different native and extraneous polyunsaturated fatty acids (Narwaley et al. 2011) . This led us to ask the opposite question: "Could endogenous biomolecules augment the toxicity of those radical metabolites?" Polyamines are organic, polycationic compounds with multiple amino groups, which may occur synthetically as the widely used industrial chemical EDA (Fig. 1) or physiologically as spermidine (SPD; Fig. 1 ), a triamine, and spermine (SPM; Fig. 1 ), a tetramine, which are ubiquitous amines (Gerner and Meyskens 2004) . Biogenic polyamines are universal to living beings and are present at significant amounts in various tissues. Their concentrations were found to be considerably increased in HL-60 cells that were induced to a differentiated phenotype, and in edematous tissues of animal models of chronic and subchronic inflammation (Huberman et al. 1981; Chakradhar and Naik 2007) . Furthermore, EDA, a commonly used pharmaceutical excipient, is well known for its potent sensitizing potential, typically precipitating symptoms that could range from delayed contact dermatitis to severe eczematous skin eruptions (Zuidema 1985) . In addition, atopic urticarial and asthmatic attacks are plausible presentations after exposure to the chemical. The aforementioned facts prompted our laboratory to investigate the possibility of a peroxidase-fueled direct interaction between arylamine drugs/xenobiotics and exogenous/endogenous polyamines.
EDA is a well-known chemical and is involved in a wide array of industries spanning the spectrum from stabilizing pharmaceutical preparations and inhibiting corrosion to crosslinking polymers and the production of agrochemicals, dyes, and resins. Intriguingly, numerous medicinal agents, such as some antihistamines, contain the EDA molecule (RHN-CH 2 -CH 2 -NHR=) as part of their molecular structure. This molecule is characterized by an alkaline nature, as evidenced by its 2 acid ionization constants (pK a1,2 ) of 10.0 and 7.0. In addition, the diamine is unique in being readily water and fat soluble (Hazardous substances data bank. MEDLARS online information retrieval system, National Library of Medicine 2005). On the other hand, the ornithine-derived, di-or poly-protic natural polyamines, i.e., putrescine, spermidine, and spermine, are essential for cellular growth and proliferation through interaction with negatively charged life-sustaining macromolecules, primarily with RNA and DNA (Behr 1991; Thomas and Thomas 2001) . The aim of the current work was to test whether or not polyamines could behave as modulators of aromatic amine free radical metabolites in biochemical reactions initiated by peroxidases.
Materials and methods

Reagents and solvents
5,5-Dimethyl-1-pyrroline-N-oxide (DMPO) synthesized by Dojindo Molecular Technologies, Inc., Japan was obtained from Cedarlane Laboratories (Ontario, Canada). It was stored under an argon atmosphere at −80°C and was used without further purification. Human myeloperoxidase (MPO) from Athens Research and Technology (Athens, Georgia, USA) was dissolved in 0.1 mol/L phosphate buffer, pH 7.4 and was used without dialysis. MPO concentration was determined by its extinction coefficient (178 (mmol/L) −1 ·cm −1 at 429 nm). Lyophilized, salt-free horseradish peroxidase (HRP) type VI, 250-330 units/mg solid, TraceSELECT ® hydrogen peroxide 30% v/v, reduced L-glutathione (GSH), L-arginine (Arg; Fig. 1 ), diethylenetriaminepentaacetic acid (DTPA), triethylamine (TEA; Fig. 1) , EDA, N,N=-dimethylethylenediamine (DMED; Fig. 1 ), spermidine (SPD), spermine (SPM), 14 N-aniline (ANL), 15 N-aniline, and E-azobenzene (AZO; Fig. 1 ) were purchased from Sigma-Aldrich (Oakville, Ont.) . N,N,N=,N=-Tetramethylethylenediamine (TMED; Fig. 1 
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Oxygen consumption analysis
Real-time oxygen consumption was determined using a TBR 4100 World Precision Instruments multichannel free radical analyzer supplied with an ISO-OXY-2 oxygen sensor (Sarasota, Florida, USA) and connected to a PC-based interface (LabScribe 2) for data acquisition and display. Amperometric measurements were recorded over 400 s at room temperature (23°C), and rates of oxygen consumption were calculated using calibration data of current (nA) compared with %O 2 .
Reactions were monitored in PB in the presence and absence of EDA and contained 400 mol/L aniline, 1000 mol/L GSH, 100 mol/L H 2 O 2 , and 0.1 mol/L HRP, which was added last to initiate the reaction.
pH measurement
A series of experiments using biochemical reaction mixtures containing aniline and EDA were carried out in different phosphate buffers of pH 7.4, 7.6, and 7.8 prepared at the same molarity (100 mmol/L) and ionic strength (I = 283 mmol/L) by balancing with appropriate weights of NaCl. Reaction mixtures were prepared on a larger scale (10 mL) using an exclusively aqueous medium to allow measurements of true pH values. pH was monitored using a calibrated Fisher Accumet Basic ® AB 15 Plus pH meter from (Fisher Scientific, Ottawa, Ont.).
EPR study
In Chelex-100 treated PB (0.1 mol/L, pH 7.4 ± 0.1) containing no DTPA, an arylamine substrate ( 14 N-ANL, AG, or 15 N-ANL), an amine additive (TEA, EDA, DMED, TMED, SPD, SPM, Arg), DMPO, HRP or MPO, and H 2 O 2 were added in this order at final concentrations of 1 mmol/L, 0.1-10 mmol/L, 100 mmol/L, 20 mol/L or 0.5 mol/L, and 1 mmol/L, respectively. In another experiment, a polyamine (EDA) was added last after triggering the reaction to study its effect on the spin adduct. All reactions were carried out at room temperature and using a final volume of 200 L. Control reactions not containing the arylamines or the polyamines were run alongside. After vortex-mixing for 10-15 s, the reaction mixture was transferred to a flat cell for data acquisition. An Elexsys E500 EPR spectrometer was used with the following instrumental parameters: microwave frequency = 9.78 GHz; incident microwave power = 20 mW; center field = 3485 G, scan range = 100 G, modulation amplitude = 1 G; receiver gain, 60 dB; and time constant = 163.84 ms. EPR spectra were simulated and deconvoluted using WinSim ® version 0.98 obtained from the Public EPR Software Tools (National Institute of Environmental Health Sciences, NIH).
Kinetic spectrophotometry
Biochemical reactions containing ANL, HRP, and H 2 O 2 in the presence and absence of EDA or DMED prepared as described in the section "EPR study" were followed kinetically at 435 nm for 15 min using a Thermo Scientific NanoDrop 2000c dual-mode UVvis spectrophotometer (Wilmington, Delaware, USA) connected to a computer supplied with NanoDrop 2000c software for data acquisition and recording.
Gas chromatography -mass spectrometry analysis
Biochemical reactions were performed as in EPR, and reaction mixtures were extracted using hexane. Extracts, along with a standard solution of AZO, were run in an Agilent 5975C series GC coupled with a single quadrupole MS detector in electron ionization mode (EI) using a splitless injection and a programmable ion source temperature (50-290°C/5 min at 10°C increments). Full scan MS data was acquired using ChemStation E.01.00 MSD software and searched against NIST 08 MS spectral library.
Results
Oximetric determination of GSH co-oxidation
N-centered cation radicals resulting from one electron oxidation of ANL catalyzed by HRP/H 2 O 2 induced a subtle co-oxidation of GSH, which was detected in terms of dioxygen consumed in nanomoles per minute (Table 1) . However, when EDA was added to the system, a considerable increase in oxygen uptake was observed, independent of the pH of the medium.
pH of the reaction mixtures
To exclude the effect of any degree of alkalinity that might be imparted by polyamines to the reaction medium, and to rule out the possibility of a pH-dependent enhancement of arylamine radical generation via promoting the deprotonation of the ANL nitrogen, several 0.1 mol/L phosphate buffers at 3 different pH values were prepared using aliquot volumes of dilute stock solutions of the corresponding phosphate salts. These were balanced by adequate weights of NaCl to an equivalent ionic strength. The prepared buffers were checked with the pH meter until stable values were attained for at least 5 min. The buffers showed the following pH readings: 7.39, 7.61, and 7.82, and when aqueous ANL and EDA, at the highest concentration used in this work (5 mmol/ L), were added at the same volume ratios and concentrations used throughout the experiments in the present work, the net increases in pH were as following: 0.12 units, 0.24 units, and 0.32 units, respectively.
Detection of free radical metabolites using EPR
Catalyzed by HRP/H 2 O 2 , ANL produced nitrogen-centered free radicals (DMPO • /NH-Ar), which were trapped by DMPO, a cyclic nitrone-type spin trap, to yield a typical EPR spectrum showing a doublet of triplet that was further split into triplet ( Fig. 2A) . It could be inferred from the weak signals produced that the flux of anilino radicals was quite low. However, when EDA was added to the reaction mixture at an equimolar amount to the substrate, a striking increase in the spectrum intensity was noticed (Fig. 2B) . Similarly, DMED, a secondary diamine, boosted the signal of DMPO-trapped radicals derived from ANL (Fig. 2C) . In contrast, TMED, a tertiary diamine, and TEA, a tertiary monoamine, did not behave in an analogous fashion, but surprisingly, the addition of TMED resulted in the appearance of a set of new strong signals due to trapping of daughter C-centered radicals, presumably through scavenging of the primary anilino radicals, whereas, TEA did not confer any change to the original spectrum produced by ANL under the same conditions (Figs. 2D and 2E ). Physiological polyamines, namely SPD and SPM significantly enhanced the generation of nitrogen-centered free radicals from ANL as evidenced by a substantially more intense DMPO • /NH-X (X = R or Ar) signal in EPR (Figs. 2F and 2G) . Interestingly, however, the ␣-amino acid L-arginine, a direct precursor of the non-proteinogenic ornithine, which is the parent of the biogenic polyamine pool in living organisms, did not promote the formation of significantly higher levels of N-centered radicals from ANL in the HRP/H 2 O 2 system, but only produced a negligible alteration in the native aniline radical EPR spectrum (Fig. 2H) . Moreover, EDA caused a dosedependent increase in the magnitude of the paramagnetic spectrum of ANL-trapped radicals mediated through a peroxidase one-electron oxidation (Fig. 3) . From another perspective, AG, a prototype anti-aromatase drug, resulted in a characteristically weak EPR spectrum with more than one species in an MPO/H 2 O 2 system (Fig. 4A) . Nevertheless, concomitant addition of polyamines either synthetic (e.g., EDA) or natural (e.g., SPM) led to both a single-component EPR spectrum due to only N-centered radicals, and to an amplified EPR spectrum (Figs. 4B and 4C ). Since polyamines are multi-nitrogen compounds that could form N-centered cation radicals (R-NH 2
•ϩ ) (Guo et al. 1989 ), it was imper- ative to confirm the origin of auxiliary free radicals generated in biochemical reactions containing those adjuncts. Therefore, a biochemical reaction that contained 15 N-ANL rather than 14 N-ANL was initiated as previously described and was run in EPR to identify the free radical species in DMPO • /NH-X, where X might be either R (aliphatic) or Ar (aromatic). If the EPR spectral augmentation we observed was due to anilino free radicals formed by the polyamine molecule, a spectrum related to previous spectra (a 3:4:4:3 pattern) would be anticipated; however, if simply additional anilino radicals are produced by a concerted participation from polyamines, a different EPR spectrum (a 2:3:3:2 pattern) and parameters would be expected. Indeed, the latter possibility was true because in the presence of EDA, 15 N-ANL catalyzed by HRP/ H 2 O 2 generated a more intense EPR spectrum, which was superimposed with the native 15 N-spectrum in the absence of EDA (Fig. 5) . In the case of isotopically labeled ANL, the spectrum was 
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interpreted as a doublet of triplet split further into doublets by the interaction of the unpaired electron with the 15 N nucleus of nuclear spin ½. Lastly, the possible contribution of the biochemical reaction pH to the enhancement of N-centered radical generation was tested by comparing the EPR spectra acquired from a set of HRP-catalyzed reactions of ANL with and without a polyamine (EDA), which were initiated in buffers of the same ionic strength at 3 closely related pH values. At the studied pH values, ANL gave a weak paramagnetic signal in absence of EDA; yet, when the diamine was added, the EPR spectral intensity was increased by at least one order of magnitude.
Spectrophotometric study of the kinetics of aniline polymerization in peroxidase systems
The polymerization of ANL by HRP/H 2 O 2 was monitored using UV-visible spectrophotometry at 435 nm. HRP-triggered polymerization of ANL in the presence and absence of EDA or DMED exhibited almost identical UV-visible spectra and rate of polymerization (data not shown). However, the absorbance peak at 435 nm in hexane was probably corresponding to mixtures of intermediates and products of the polymerization reaction, since AZO, a dimer of ANL, showed a slightly shifted peak at 445 nm in the same solvent.
GC/MS determination of azobenzene as a measure of aniline radicals
The ANL polymerization products were separated from a hexane extract of a biochemical reaction mixture containing ANL-HRP-H 2 O 2 using GC, and detection was carried out using electron impact MS. The peak at approximately 15 min showed a perfect matching (r 2 > 0.96) with AZO (Fig. 6A) . In addition, the AZO standard was separated at exactly the same retention time as the polymerization product from the aromatic amine -peroxidase reaction, and hence, that product was identified as AZO (Fig. 6B) . When an equimolar concentration of EDA was present in the reaction mixture, the AZO peak was also observed in the gas chromatogram; however, the intensity of the peak was much higher when compared with that obtained from the control ANL reaction (Fig. 6C) . Table 1 shows the extent of HRP-catalyzed polymerization of ANL in the absence and presence of EDA calculated on the basis of peak areas relative to standard AZO.
Discussion
Aniline-based derivatives are organic compounds that possess widespread chemical, agrochemical, and pharmaceutical applications; however, as globally occurring xenobiotics, industrial waste products, and universal pollutants, they pose serious occupational and environmental health hazards (Pelucchi et al. 2006; Clapp et al. 2008) . Aromatic amine drugs are characterized by numerous toxicological manifestations, among the most serious are blood dyscrasias and life-threatening leucopenia (Williams et al. 2000) . As a consequence, individuals affected by those types of toxicities are at great risk of death due to an immunocompromised status in which the body is incompetent to fight infections. Blood neutrophils, the predominant leucocytes, are major reservoirs that harbor myeloperoxidase, a bactericidal peroxidase enzyme capable of generating free radical metabolites from anilinebased drugs, a notion that is hypothesized to induce idiosyncratic drug reactions (Uetrecht 1992) . As one example, the non-steroidal, non-selective, reversible aromatase inhibitor AG, which was orig- Fig. 6 . Ethylenediamine (EDA) enhances the metabolic end-product of aniline oxidation by horseradish peroxidase/H 2 O 2 . Gas chromatograms of the extract of an azobenzene standard and of a peroxidase-catalyzed oxidation reaction of aniline with and without EDA in the presence of H 2 O 2 . Ion source temperature was programmed from 50 to 290°C/5 min at 10°C increments, and detection was carried out using electron impact -mass spectrometry.
G
A B
inally introduced to the market as an antiepileptic drug, has been shown to have a marked propensity to induce dose-unrelated neutropenia in vivo (Ibrahim and Buzdar 1995) .
In the presence of catalytic amounts of H 2 O 2 , HRP, a model peroxidase, has been shown to trigger the generation of active oxygen when incubated with GSH and an arylamine carcinogen (Subrahmanyam and O'Brien 1985) . Nevertheless, aniline radicals are generally characterized by a weak reaction with GSH, resulting only in minor oxygen uptake. Oxygen consumption analysis demonstrated that the concomitant presence of a polyamine adjunct with aromatic-amine-derived free radicals initiated by peroxidases enhanced oxygen activation in the presence of a scavenger molecule such as GSH, according to the following reactions:
Since it is plausible that EDA and similar polyamines could cause a slight rise in the pH of the final reaction mixture, and hence, might influence the deprotonated form of the aniline molecule that is the electron donating species in peroxidase reactions, a strict control of the pH of the reaction medium was mandatory. In fact, the closer the pH was to the pK a of the buffer, the higher the control it maintained over the final pH of the medium; however, the overall pH effect was only subtle, and did not exceed 4% in any case. Importantly, the overall increase in the final pH of the different reaction mixtures was confirmed to be trivial and cannot justify the enhanced production of N-centered radicals of ANL by peroxidases, especially because the substrate is a very weak base (pK a 4.6) and would be practically fully unionized at pH 7.4 (Kolthoff et al. 1942) . Also, the observed fine pH change cannot affect the peroxidase activity of HRP enzyme, which showed optimum stability and catalytic activity at neutral pH (Veitch 2004) ; however, this does not exclude other possible mechanisms of interaction between polyamines and peroxidase enzymes. Notably, the guanidinium amino acid arginine, an even more basic compound (pK a1 9.0 and pK a2 12.5) than EDA (pK a1 6.8 and pK a2 9.9), did not achieve the same effect as did the studied polyamines (Bates 1961; Yoo and Cui 2008) .
EPR is an effective tool that allows the study of free radical metabolites after being trapped as spin adducts using spin trapping agents, such as DMPO. The magnitude of the hyperfine splitting constants; i.e., a N and a ␤ H , are characteristic of the trapped radical. EPR studies indicated that primary diamines were able to enhance DMPO-trapped aniline radicals produced by arylamine xenobiotics (e.g., ANL) and drugs (e.g., AG) that originated by the action of plant or human peroxidases (HRP or MPO) in the presence of catalytic amounts of H 2 O 2 (Figs. 2B and 4B ). On the other hand, tertiary diamines (TMED) but not secondary diamines (DMED), unexpectedly, did not promote the formation of aniline cation radicals. Seemingly they scavenged those free radicals and resulted in a new 6-line EPR spectrum representing secondary C-centered radicals that overwhelmed the remaining N-centered radicals (Figs. 2C and 2D) . It has been shown that secondary symmetric diamines such as DMED catalyzed vinyl polymerization in the presence of ammonium persulfate through N-centered radical species; however, tertiary diamines such as TMED initiated the polymerization reactions mainly via C-centered free radicals (Guo et al. 1989) . In that study, a contact charge transfer complex has been suggested as a transitional state through which free radicals are formed by subsequent hydrogen abstraction. EPR studies using human neutrophil myeloperoxidase (MPO) also demonstrated that aniline-based drugs, such as AG, were oxidized to form solely N-centered radicals at high yields in presence of SPM, a biogenic polyamine (Fig. 4C) . However, when SPM was not added to the reaction, MPO/H 2 O 2 catalyzed the oxidation of AG to a mixture of free radical metabolites that appeared as weak signals in a composite EPR spectrum (Fig. 4A) . It is noteworthy that SPD and SPM exist predominantly in aqueous media at pH 7.4 as fully protonated polycations (Wang and Casero 2006) . It should also be noted in passing that cation radicals can react both as electrophiles and free radicals. The former, being electron deficient, are capable of reacting covalently with biological macromolecules, whereas the latter, being unstable due to an unpaired electron, are capable of abstracting a hydrogen atom, reacting with reduced glutathione, and (or) adding to endogenous unsaturated lipids, thus contributing to lipid peroxidation and oxidative stress. Reactive metabolites, such as cation radicals, are believed to be responsible for many types of toxicity. Based on the previous findings, it is conceivable that physiological polyamines play a biologically significant role in the biotoxification of aromatic amine free radical metabolites catalyzed by peroxidases, particularly MPO, since ample amounts of polyamines are believed to exist in activated neutrophils, and since they possess an important metabolic and immunomodulatory role in those immune cells (Mühling et al. 2006) . Furthermore, the EPR experiment with an isotopically labeled ANL clearly showed that the radical intermediates originate from the aromatic amine molecule and are not secondary radicals formed by the co-oxidation of polyamines (Fig. 5) . Finally, to eliminate the possibility of an effect of polyamines on the formed DMPO spin adducts, the polyamine was added last in the biochemical reaction sequence; i.e., ANL/DMPO/HRP/H 2 O 2 /EDA. As anticipated, the peroxidase-catalyzed oxidation of ANL was not enhanced, as evidenced by an EPR spectrum of exactly the same intensity as in a control reaction containing no EDA. Therefore, the association between the polyamine and the aromatic amine molecule in the presence of the peroxidase system is a prerequisite for the synergistic effect to occur.
Polyanilines are conjugated organic polymers that can be synthesized enzymatically by oxidative free radical coupling using hydrogen peroxide as an oxidant in a reaction catalyzed by HRP (Caramyshev et al. 2007) . Therefore, the course of peroxidasecatalyzed polymerization of ANL monomers (Scheme 1) was followed using kinetic spectrophotometry. Although the kinetics of polymerization reaction in presence and absence of a polyamine molecule were quite identical, absorbances of ANL intermediates and polymers were slightly shifted from AZO, which otherwise could have served as a measure of the levels of N-centered radicals generated in that system. Consequently, we aimed at employing a more specific technique to characterize and quantify AZO as a gauge of the extent of dimerization of ANL that could subsequently provide an accurate estimate of the primary aniline cation radicals generated in the peroxidase system. GC-MS selectively separated and unambiguously identified AZO, the major ANL dimer. In presence of a polyamine (EDA), the yield of AZO was considerably higher than the corresponding control reaction (Fig. 6 and Table 1 ). Curiously, when a metal chelator (DTPA) was used instead at the same level as EDA, dimerization was abrogated and AZO could not be detected (K. Michail and A.G. Siraki, unpublished data) .
Conclusions
A pH-independent biochemical interaction does occur in vitro between polyamines and arylamine xenobiotics in the peroxidasecatalyzed oxidation of the latter. Ethylenediamine, a synthetic diamine, and secondary but not tertiary diamines synergistically contributed to and enhanced the formation of aniline-derived N-centered radical metabolites. Analogously, spermine, a physiological polyamine, promoted the formation of nitrogen free radicals during the one electron oxidation of aminoglutethimide, an aniline-baseddrug,bythehumanneutrophilperoxidase,myeloperoxidase in presence of catalytic amounts of H 2 O 2 . The dimerization of aniline was augmented in presence of a polyamine, owing to an increase in the flux of free radicals as measured by the yield of azobenzene. The generated radical intermediates stemmed from the aromatic amine molecule and not from the polyamine. The amplification of free radical products of the peroxidase metabolism of aromatic amines by physiological polyamines is likely to have toxicological consequences either at the in vitro or in vivo level.
